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CLAIMS 

In a cluster of computing nodes having shared access 
to\ one or more file systems in data storage using 
parallel file system software, a method for managing the 
data Vtorage, comprising: 

initiating a session of a data management 
application on a first one of the nodes; 

receding a request submitted to the parallel file 
system software at a second one of the nodes to mount one 
of the file systems in the data storage on the second one 
of the nodes; \nd 

sending a >riount event message from the second node 
to the first laode responsive to the request, for 
processing by tha^ data management application on the 
first node. 

2. A method according to claim 1, and comprising 
mounting first and seVond instances of the one of the 
file systems on the first and second nodes, respectively, 
responsive to the mount eVent message. 

3. A method according to \claim 2, and comprising: 
receiving a further r^guest at the second node to 

unmount the second instance\ of the one of the file 
systems at the second node; 

sending, responsive to Vhe further request, a 
preunmount event message to the f\rst node; and 

responding to the preunmount \event message so as to 
permit unmounting of the second \f ile system instance 
without unmounting the first file sy\tem instance. 

4. A method according to claim 3, wAerein responding to 
the preunmount event message comprises Vietermining at the 
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3 Mrst node, responsive to one or more flags set in the 

4 pAunmount event message, whether the request was 

5 submitted on the first node or on another one of the 

6 nodes\ 

1 5. A method according to claim 3, and comprising: 

2 receiving the preunmount event message at the first 

3 node; \ 

4 obtaining a data management access right from a 

5 physical firte system (PFS) software component at the 

6 first node responsive to the preunmount event message; 

7 and \ 

8 processing \the preunmount event message usinq the 

\ 

9 access right. \ 

1 6. A method according to claim 3, wherein receiving the 

2 request comprises receiving first and second requests to 

3 mount different onesi of the file systems in the data 

4 storage, and whereiA receiving the further request 

5 comprises receiving furVher first and second requests to 

6 unmount the different ones of the file systems, and 

7 wherein sending the preunmount ■ event message comprises, 

8 responsive to dispositions\set for the different ones of 

9 the file systems, sending* a first preunmount event 

10 message to the first node responsive to the first unmount 

11 request, and sending a seconcd preunmount event message 

12 responsive to the second unmoVnt request to a further 

13 node, on which a further datk management application 

14 session has been initiated. \ 

1 7. A method according to claim 3\ wherein responding to 

2 the preunmount event message comprises sending a reply to 

3 the message from the first node to Vhe second node, and 

4 comprising, responsive to the rep^, unmounting the 
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Second file system instance and sending an unmount event 
message from the second node to the first node. 

8. \A method according to claim 7, and comprising 
determning at the first node, responsive to one or more 
flags 3yet in the unmount event message, whether the 
further \equest was submitted on the first node or on 
another ones of the nodes. 

9. A metnod according to claim 1, and comprising 
determining a\ the first node, responsive to one or more 
flags set in t\e mount event message, whether the request 
was submitted ok the first node or on another one of the 
nodes. \ 

10. A method according to claim 1, wherein initiating 
the session comprises initiating the session in 
accordance with a da\a management application programming 
interface (DMAPI) of Vhe parallel file system software, 
and wherein receiving Vhe request and sending the mount 
event message comprise processing the request and sending 
the message using the DMaVi . 

11. A method according Vo claim 10, and comprising 
receiving an unmount request to unmount the file system 
from the second node using\ the DMAPI, and sending a 
preunmount event message to the first node responsive to 
the unmount request using the\ DMAPI, for processing by 
the data management application On the first node. 

12. A method according to claim 11, and comprising 
sending a reply to the preunmount event message from the 
first node to the second node us^ing the DMAPI, and, 
responsive to the reply, unmount ing\the file system at 
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5 bhe second node, and sending an unmount event message to 

6 tha, first node using the DMAPI. 

1 13. i& method according to claim 10, and comprising 

2 receiving and processing the event message at the first 

3 node usxhg one or more functions of the DMAPI called by 

4 the data management application. 

1 14. A method according to claim, 10, wherein sending the 

2 event message comprises sending the message for 

3 processing in Accordance with a disposition specified by 

4 the data management application using the DMAPI for 

5 association with \ an event generated by the file 

6 operation. \ 

1 15. A method according to claim 10, wherein sending the 

2 event message comprisesXsetting one or more flags in the 

3 message to indicate whether the request was submitted on 

4 the first node or on another one of the nodes. 

1 16. A method according tcK claim 10, and comprising 

2 invoking a function of th\ DMAPI to obtain mount 

3 information regarding the one \)f the file systems, and 

4 wherein in a response provided %y the function, one or 

5 more flags are set to indicate whether the one of the 

6 file systems is mounted on the firs^t node or on another 

7 one of the nodes in the cluster or on ^both the first node 

8 and on another one of the nodes in the cSLuster. 

1 17. A method according to claim 1, and comprising: 

2 receiving a response to the mount evenH; message from 

3 the data management application on the first Vode; and 

4 mounting an instance of the one of the rdle systems 

5 on the second node subject to the response frorto the data 

6 management application on the first node. \ 
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1 1\ . A method according to claim 1, and comprising 

2 reviving a further request submitted to the parallel 

3 files, system software to mount the one of the file systems 

4 on a\further one of the nodes, and sending a further 

5 mount Went message responsive to the further request for 

6 processing by the data management application on the 

7 first noc 

1 19. A method according to claim 18, wherein the further 

2 one of the nV)des is the first node, 

1 20. A method according to claim 19, and comprising 

2 receiving firsV and second unmount requests to unmount 

3 the file systemNfrom the second node and from the further 

4 one of the nocfes, and generating first and second 

5 preunmount event ntessages at the second node and at the 

6 further one of thA nodes responsive to the first and 

7 second unmount requests, for processing by the data 

8 management application\on the first node. 

1 21. A method according to claim 20, and comprising 

2 sending a reply to the first and second preunmount event 

3 messages from the first iV?de to the second node and to 

4 the further one of the nfedes, and, responsive to the 

5 reply, unmounting the file system at the second node and 

6 the further one of the nodesV and generating respective 

7 unmount event messages at th\ second node and at the 

8 further one of the nodes. 

1 22. A method according to claiVt 1, wherein initiating 

2 the session of the data managemenV application comprises 

3 initiating a data migration application, so as to free 

4 storage space on at least one of \the volumes of data 

5 storage, 
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1 2V. Computing apparatus, comprising: 

2 \ one or more volumes of data storage, arranged to 

3 stor\ data in one or more file systems; and 

4 A plurality of computing nodes, linked to access the 

5 volumes\ of data storage using parallel file system 

6 softwares and arranged so as to enable a data management 

7 application to initiate a data management session on a 

8 first one V)f the nodes, so that when a request is 

9 submitted t<A the parallel file system software at a 
10 second one ofVthe nodes to mount one of the file systems 

^ 11 in the data storage on the second one of the nodes, a 

g. 12 mount event message is sent from the second node to the 

~ 13 first node respoirsive to the request, for processing by 

|1 14 the data management application on the first node. 

fi 1 24. Apparatus according to claim 23 , wherein the nodes 

^ 2 are arranged so thatXfirst and second instances of the 

■p 3 one of the file systems are mounted on the first and 

r! 4 second nodes, respectively, responsive to the mount event 

3 5 message. \ 

1 25. Apparatus according t\ claim 24, wherein responsive 

2 to a further request at thev second node to unmount the 

3 second instance of the one oJ: the file systems at the 

4 second node, a preunmount event message is sent to the 

5 first node, which is arranged to respond to the 

6 preunmount event message so as \o permit unmounting of 

7 the second file system instance Wthout unmounting the 

8 first file system instance. \ 

1 26. Apparatus according to claim 2s\ wherein the first 

2 node is arranged to respond to the unmount event message 

3 by determining, responsive to one or mpre flags set in 
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t\e preunmount event message, whether the request was 
su£\nitted on the first node or on another one of the 
node 

27. Apparatus according to claim 25, wherein the first 
node is\ arranged, upon receiving the preunmount event 
message, to obtain a data management access right from a 
physical rdle system (PFS) software component at the 
first node Vesponsive to the preunmount event message, 
and to process the preunmount event message using the 
access right. 

28. Apparatus according to claim 25, wherein the request 
comprises first aSnd second requests to mount different 
ones of the file systems in the data storage, and wherein 
the further requestX comprises further first and second 
requests to unmount \ the different ones of the file 
systems, and wherein t\ie nodes are arranged, responsive 
to dispositions set for\ the different ones of the file 
systems, to send a first \preunmount event message to the 
first node responsive to \he first unmount request, and 
to send a second preunmounn event message responsive to 
the second unmount request t\ a further node, on which a 
further data management application session has been 
initiated. 

29. Apparatus according to claito 25, wherein the first 
node is arranged to send a replyYto the message to the 
second node, and responsive to the \eply, the second node 
is arranged to unmount the second Vile system instance 
and to send an unmount event message t\ the first node. 

30. Apparatus according to claim 29, Vherein the first 
node is arranged to determine, responsiv^ to one or more 
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3 Mags set in the unmount event message, whether the 

4 fu\ther request was submitted on the first node or on 

5 another one of the nodes, 

1 31. .%>paratus according to claim 23, wherein the first 

2 node is\ arranged to determine, responsive to one or more 

3 flags sea in the mount event message, whether the request 

4 was submitted on the first node or on another one. of the 

5 nodes, 

1 32. Apparatu\ according to claim 23, wherein the session 

2 is initiated \in accordance with a data management 

3 application programming interface (DMAPI) of the parallel 

4 file system software, and wherein the request is 

5 processed and the \ount event message is sent using the 

6 DMAPI 

1 33. Apparatus accordJVig to claim 32, wherein when an 

2 unmount request is received to unmount the file system 

3 from the second node usiVg the DMAPI, a preunmount event 

4 message is sent to the \first node responsive to the 

5 unmount request using the \>MAPI, for processing by the 

6 data management application o\ the first node. 

1 34. Apparatus according to cJN^im 33, wherein the first 

2 node is arranged to send a repl\ to the preunmount event 

3 message to the second node us^Jig the DMAPI, wherein 

4 responsive to the reply, the file System is unmounted at 

5 the second node, and an unmount eve\t message is sent to 

6 the first node using the DMAPI 

1 35. Apparatus according to claim 32, \ wherein the event 

2 message is received and processed at tha first node using 

3 one or more functions of the DMAPI caj\_ed by the data 

4 management application. 
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1 30s, Apparatus according to claim 32, wherein the mount 

2 eveVt message is sent for processing in accordance with a 

3 disposition specified by the data management application 

4 using \he DMA PI for association with the mount event. 

1 37. Apparatus according to claim 32, wherein one or more 

2 flags are\set in the event message to indicate whether 

3 the request\was submitted on the first node or on another 

4 one of the nodes. 

1 38. Apparatus\ according to claim 32, wherein the first 

2 node is arranged to invoke a function of the DMA PI to 

3 obtain mount inrormation regarding the one of the file 

4 systems, and whe\ein in a response provided by the 

5 function, one or moore flags are set to indicate whether 

6 the one of the file ^systems is mounted on the first node 

7 or on another one of \he nodes in the cluster or on both 

8 the' first node and on\another one of the nodes in the 

9 cluster. \ 

1 39. Apparatus according \o claim 23, wherein after the 

2 mount event message is received at the first node, an 

3 instance of the one of the f\le systems is mounted on the 

4 second node subject to tha response from the data 

5 management application on the fYrst node. 

1 40. Apparatus according to claiNn 23, wherein responsive 

2 to a further request submitted\ to the parallel file 

3 system software to mount the one o A the file systems on a 

4 further one of the nodes, a furthen mount event message 

5 responsive to the further request is\sent for processing 

6 by the data management application on Ohe first node. 

1 41. Apparatus according to claim 40, wherein the further 

2 one of the nodes is the first node. \ 
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4 2l. Apparatus according to claim 41, wherein upon 
receiving first- and second unmount requests to unmount 
the Vile system from the second node and from the further 
one of the nodes, first and second preunmount event 
messages are generated at the second node and at the 
further\one of the nodes responsive to the first and 
second uhmount requests, for processing by the data 
managementXapplication on the first node. 

43. Apparatus according to claim 42, wherein the first 
node is arranged to send a reply to the first and second 
preunmount eve\t messages to the second node and to the 
further one of \he nodes, and wherein, responsive to the 
reply, the file \system is unmounted at the second node 
and the further or^e of the nodes, and respective unmount 
event messages areV generated at the second node and at 
the further one of tne nodes. 

44. Apparatus according to claim 23, wherein the data 
management applicatior\ comprises a data migration 
application,- for f reeing\storage space on at least one of 
the volumes of data storage. 

45. A computer software product for use in a cluster of 
computing nodes having shaVed access to one or file 
systems in data storage, accessed using parallel file 
system software, the Vroduct comprising a 
computer-readable medium in whVch program instructions 
are stored, which instruct ionas, when read by the 
computing nodes, cause a session\ of a data management 
application to be initiated on a fSorst one of the nodes, 
and in response to a request submitted to the parallel 
file system software at a second o\e of the nodes to 
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11 i^ount one of the file systems in the data storage on the 

12 seteond node, cause the second node to send a mount event 

13 message to the first node, for processing by the data 

14 management application on the first node. 

1 46. A \ product according to claim 45, wherein the 

2 instructions cause the nodes to mount first and second 

3 instances\pf the one of the file systems on the first and 

4 second nod^s, respectively, responsive to the mount event 

5 message. \ 

1 47. A product according to claim 4 6, wherein responsive 

2 to a further request at the second node to unmount the 

3 second instance V>f the one of the file systems at the 

4 second node, the\ instructions cause a preunmount event 

5 message to be sentVo the first node, and cause the first 

6 node to respond to fl^he preunmount event message so as to 

7 permit unmounting oX the second file system instance 

8 without unmounting theVirst file system instance. 

1 48. A product according to claim 47, wherein the 

2 instructions cause the Virst node to respond to the 

3 preunmount event message \py determining, responsive to 

4 one or more flags set in t*he preunmount event message, 

5 whether the request was submitted on the first node or on 

6 another one of the nodes. \ 

1 49. A product according to \ claim 47, wherein the 

2 instructions cause the first node, upon receiving the 

3 preunmount event message, to obtain a data management 

4 access right from a physical f ile \system (PFS) software 

5 component at the first node respons^e to the preunmount 

6 event message, and to process ttA preunmount event 

7 message using the access right. \ 
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1 5\. A product according to claim 47, wherein the request 

2 conbrises first and second requests to mount different 

3 ones\of the file systems in the data storage, and wherein 

4 the farther request comprises further first and second 

5 requestX to unmount the different ones of the file 

6 systems, \and wherein the instructions cause the nodes, 

7 responsive\ to dispositions set for the different ones of 

8 the file Systems, to send a first preunmount event 

9 message to tl\e first node responsive to the first unmount 

10 request, and \o send a second preunmount event message 

11 responsive to \he second unmount request to a further 

12 node, on which \a further data management application 

13 session has been initiated. 

1 51. A product according to claim 47, wherein the 

2 instructions cause tr\e first node to send a reply to the 

3 . message to the seconck node, and cause the second node, 

4 responsive to the rej3G_y, to unmount the second file 

5 system instance and to kend an unmount event message to 

6 the first node, 

1 52. A product according \ to claim 51, wherein the 

2 instructions cause the Jirst node to determine, 

3 responsive to one or more fla^s set in the unmount event 

4 message, whether the further request was submitted on the 

5 first node or on another one of \he nodes . 

1 53. A product according to ^laim 45, wherein the 

2 instructions cause the first \ node to determine, 

3 responsive to one or more flags sett in the mount event 

4 message, whether the request was submitted on the first 

5 node or on another one of the nodes. 
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1 5^4. A product according to claim 45, wherein the product 

2 comprises a data management application programming 

3 interface (DMAPI) of the parallel file system software, 

4 and wherein the request is processed and the mount event 

5 message\is sent using the DMAPI. 

1 55. A product according to claim 54, wherein when an 

2 unmount request is received to unmount the file system 

3 from the seVond node using the DMAPI, the instructions 

4 cause a preuranount event message to be sent to the first 

5 node responsiv\ to the unmount request using the DMAPI, 

6 for processing fty the data management application on the 

7 first node. \ 

1 56. A product according to claim 55, wherein the 

2 instructions cause l^he first node to send a reply to the 

3 preunmount event message to the second node using the 

4 DMAPI, wherein responsVve to the reply, the file system 

5 is unmounted at the seVond node, and an unmount' event 

6 message is sent to the fi\st node using the DMAPI. 

1 57. A product according t\ claim 54, wherein the event 

2 message is received and processed at the first node using 

3 one or more functions of th\ DMAPI called by the data 

4 management application. \ 

1 58. A product according to claim 54, wherein the event 

2 message is sent for processing\ in accordance with a 

3 disposition specified by the data \management application 

4 using the DMAPI for association wiYh an event generated 

5 by the file system. \ 

1 59. A product according to claim 54, Vherein one or more 

2 flags are set in the event message tA indicate whether 
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3 tTae request was submitted on the first node or on another 

4 oneV of the nodes . 

1 60. \ product according to claim 54, wherein the 

2 instructions cause the first node to invoke a function of 

3 the DMAF£ to obtain mount information regarding the one 

4 of the fi\e systems, and wherein in a response provided 

5 by the function, one or more flags are set to indicate 

6 whether the None of the file systems is mounted on the 

7 first node or\on another one of the nodes in the cluster 

8 or on both the Yirst node and on another one of the nodes 

9 in the cluster. \ 

1 61. A product according to claim 45, wherein after the 

2 mount event message is received at the first node, an 

3 instance of the one Vf the file systems is mounted on the 

4 second node subject\ to the response from the data 

5 management application V>n the first node. 

1 62. A product according to claim 45, wherein responsive 

2 to a further request submitted to the parallel file 

3 system software to mount trie one of the file systems on a 

4 further one of the nodes, ^ further mount event message 

5 responsive to the further request is sent for processing 

6 by the data management application on the first node. 

1 63. A product according to claim 62, wherein the further 

2 one of the nodes is the first node. 

1 64. A product according to cJaim 63, wherein upon 

2 receiving first and second unmount requests to unmount 

3 the file system from the second node\ and from the further 

4 one of the nodes, the instructions caVse first and second 

5 preunmount event messages to be generated at the second 

6 node and at the further one of the no\)es responsive to 
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7 tfte first and second unmount requests, for processing by 

8 theVata management application on the first node. 

1 65. ^ product according to claim 64, wherein the 

2 instructions cause the first node to send a reply to the 

3 first ancK second preunmount event messages to the second 

4 node and t^D the further one of the nodes, and wherein, 

5 responsive t\ the reply, the file system is unmounted at 

6 the second no\le and the further one of the nodes, and 

7 respective unmcyunt event messages are generated at the 

8 second node and the further one of the nodes. 

p 1 66. A product according to claim 45, wherein the data 

j: ■ 2 management application comprises a data migration 

=~f 3 application, for free\ng storage space on at least one of 

4 the volumes of data storage. 

3 A3XD 
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